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6 Responses to Flooding in Weeds
from River Areas
CORNELIS W.P.M. BLOM
Department o f Experimental Botany, Catholic University, 
Toernooiveld 6525 ED Nijmegen, The Netherlands
I. Introduction
In the northwestern part of Europe, “  lfne of the Experimental
flooding of river areas occurs frequently.  ^ investigation of flooding
Plant Ecology group at the University of Nijmegen {o high-situated
responses and adaptive characteristics in we s_occu  ^ Chenopodiunii piantago - 
habitats in river areas. The species under study - > ecosystems. These flood
are distributed along elevation gradients in the u ^  Dikes have been in
plains consist of river banks, wetlands, and ami their agricultural or 
existence since about 1200 A.D. to protect the in
industrial land from recurring flooding.  ^ . when the river is
The flood plains are subject to regular inun a on r tuat water originates
carrying large quantities of water. A c0™ < ^  J ^ s o u th e m  Germany, and die
from snow melting in the mountains of Sw > t occur during
northeastern part of France. The strongly fluctuating w unpredictable peak
the growing season are, however, mainly a consequ ^  Meusej and their
periods in precipitation. The main rivers, t e ’ , -phe flooding of
tributaries, drain large areas before reaching t e ^  growing season, but
grassland found in river forelands used to be very rar ab0Ut more frequent
in recent decades extremely high water levels ave floodings probably
floodings of these forelands in the spring and summe ^  industrial areas, and
result from urbanization, an increase in the num ®ran result, after heavy
tta improved drainage of upstream agricultural areas. As a r e s u ^  ^  ^
BIOLOGICAL APPROACHES AND ¿02960 4 3,iv tonl l-^ ,ved
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rainfaU a surplus of water causes larger fluctuations in water levels in shorter lapses 
of time in both winter and summer.
The hypothesis m our studies is that plants growing in those river flood plains 
ave to be adapted to survive periods of severe inundation. The severity of the 
flooding can range from waterlogging of the soil to submergence of the whole 
p ant While the responses of plants in waterlogged soils may differ from those of 
p ants acmg submergence, both conditions greatly influence the physiology, mor-
Rlnm8?o S i pr0pulation biol°Sy of toe weeds that grow there (Van de Steeg, 1984; 
.  ’ , , .’ n °ur S es we ^ave applied at least three approaches, with each 
mi 1087^ 71, towar<*s a different level of evolutionary relationships 
in orrW »a J  a  & ^  ,app o^ack ^as inv°lved long-term observations in the field 
Under natural11 ^ plant c i^aracteristics and in environmental values.
1116 °CCUrTenCe 3,1(1 Perf“ e of an individual plant re- 
second aDnroar-h v, e *ntera®tlon ° fmany environmental factors. Consequently, our 
controlled condirin^ ^ * 6 des*gn exPeriments that can be conducted under
S o n m e n J f ^
have been carried out fn tfivtofrr^ 08 **investigateA These experiments 
field. The third annm^t, ? . greenhouses, and experimental plots in the 
nature. Following these a ** e®n 1516 revaluation of the experimental results in
species from one or two^enerato o b f™  individual plants of differen! 
physiological responses to fl,w r ?  . lnSlg int0 their morphological and 
be answered by comparing nlamsT ^ “®Stlons reIating to population biology can 
and by studying variation« F  !°m . same sPecies but different populations 
to be answered here is wheth°ng!! ^  Wlthin one P°Pulation. The main question 
plasticity or by genetic differentiation^ resp°nses 316 caused b? PhysioloSical
been shown to possess contra COmparing various species of Rumex that have 
river-water level Rumex mf  rf nces t0 flooding caused by increases in 
tions are experimentally subie^tl T *  *?** hish’ intermediate> 20(1 low eleva‘ 
and quantify any relevant adanti f Vanous ^oodinS regimes in order to identify 
might be caused by a differential eatures Md to test whether their distribution 
of Rumex plants with the resnon reSp°n?,e t0 hooding. We compare the adaptations 
Life-history traits of Plantaon ni ! °* ^empodiutn species from over-wet soils- 
one subdivided population haw S u°m ^ erent Populations and from plants of 
erent responses upon flooding will be di” ^ e d ^  ^ P tiv e  values of the dif-
n- Description of the Species
Studies on the adaptive resmn
species, Chenopodim  rubrum InVp^00^  Were carried out with five RumeX
anta8o major ssp, pleiosperma> all of which
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TABLE 1
Characteristics of some plant species from river areas
habitat flooding 
intensity and 
duration
seed release longevity 
and following 
germination 
period
survival
strategy
R. thyrsiflorus high-lying
grassland
R> acetosa high-lying
grassland
R. crispus low-lying
grassland
R. palustris mud flat
river bank
R. maritimus mud flat
river bank
Plantago major
ssp. pleiosperma river bank
mud flat
Chenopodium river bank
rubrum
seldom
very short
seldom
very short
infrequent
short-long
frequent
long
frequent
prolonged
frequent
prolonged
frequent
prolonged
summer
late summer
summer
late summer
autumn
spring
autumn
summer
autumn
spring
autumn
summer
autumn
summer
perennial
perennial
perennial
biennial
annual-
biennial
perennial
annual
maintainance
maintainance
germination
maintainance
germination
germination
maintainance
germination
maintainance
germination
maintainance
germination
occur in the Dutch river areas (Table 1). The d i s t r i b u t i o n a n d
is correlated to a distinct gradient of flooded habitats in w c . respectively,
duration vary from seldom and short-term to frequent c S s J -
On the basis of preference for a common habitat, at eas thyrsiflorus and
guished within these species (Fig. 1). Within the the
R. acetosa are found on more highly elevated si e grasses and
growing seasons. Hrese si.es, which are ^  L  LoHo-
perennials, mainly belong to communities tbvrsiflorus are hayfields,
Cynosuretum. The Arrhenatheretum sites contain g . or man_
and the Lolio-Cynosuretum type with *. acetosa v s  e i t h e r ^ ^  ^  ^  
aged as hayfields with an aftermath treatment. belongs to
quently flooded grassland having a relatively dense f l L s
the Ranunculo-Alopecuretum geniculatis. During palustris
these areas are used as grazing areas by cattle. ume* regularly flooded
are mainly found on the mud flats of ^  —
edges along the river. The pioneer vegetation type belongs to in
community in which this species occurs belongs to t o H m W  
Chenopodium mbrwn is mainly found on the sandy edges of nvers ana
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i
high water level ín winter 
high water level in summer
DIKE
W E R  LEVEE
low water level
Rumex
maritimus
Rumex
acetosa
Chenopodium Rumex 
rubrum thyrsiflorus
Plantago 
major ssp. 
pleiosperma
Rumex
crispus
Rumex
palustris
Rumex
maritimus
Plantago 
major ssp. 
pleiosperma
characteristic Chenopodietum »1
of the floodings, these sites auco'ru':)ri community. Due to the unpredictability 
agricultural use. However cattl ^ unsu*ta^ e for any form of management or 
the short intervals between floJr ?  somet“nes penetrate these areas during 
have to be adapted to grazing fln j  ”gS' surviving in these sites, therefore, also
amP ng and to growing in compacted soils.
2 rub m
Chenopodium rubrum was in™
studies. We chose Ckenopodiumln^A^ toget^er the Rumex species into our
those of Rumex maritimus• both & t0 compare its responses to flooding with
sandy soil regions found along riveJ- C° f1“ oa Pioneer species from the clay or 
e er these adjacent species hav lands. An important question is
Aoochng. Both species g e S l  f  ^  Strategies for ^ ™ g  «regular 
a er has receded from their hab't ^  ^  °f until late summer, after the
ummer under short-daylight conditio » henoPodiu™ plants flower late in the
0f * S° w n^ter as a rosette and flovwwK mar^ mus plants may flower, but they
wateri6 greCnh0use exPeriments that J  ,Sefond year- Table 2 shows the results
C h e r n i y  regimes 0n the grow th ? ? lgne< it0  study the effects of different 
and b ,i Plantssuffer from waterl h species. It is veiy clear that
numberi!nS WCrC significantly decreas^T12"' numher of leaves, stem length, 
eaves was found in the Rumex pi C°ntrast’ on^  a smaI1 decrease in the
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TABLE 2
Effects of flooding on the growth parameters of Chenopodium rubrum and Rumex maritimus (»=5; 
±SE). Experiments were carried out in the greenhouse where 6-week-old plants were partially sub­
merged for 6 weeks
Chenopodium rubrum 
drained flooded
Rumex maritimus 
drained flooded
leaves (nb) 
stem length (cm) 
dry weight (g)
llOOfc 100 
51± 4 
23± 2
170± 50 
43± 6 
5± 1
220±70 
100+ 8 
24± 4
170± 30 
135± 6 
28± 4
Furthermore, plants under flooded conditions possessed m°re 
and higher biomasses than those under drained treatments. Tab e ^
reproductive responses to flooding. Both species reacte mos s 0 . _
ments were applied early in the life cycle. Seed pr uc&on was • •
duced in C. rubrum; in contrast, a significant increase was found in A. m ^ m u s .
The results of these experiments are reported in greater detail in reoroduc-
(1988). Hie conclusions to be drawn are very clear: as far as growth. and reproto
tion under greenhouse conditions are concerned, R. m antl™USJ_
adapted to flooding than C. rubrum. To bridge the distance betweenthesefully
conditioned circumstances and the real situation, a^^ e"sc e situations in the 
perimental garden were performed which mimicked the oo varying
river area. In these plots plants were kept 4 Under flooded condi-
periods of time. Provisional results are presented mT • developed
tions C. rubrum had a 65% survival rate; all surviving plants, how , 
flowers and produced seeds. Seed production was dramatical 
subjected to the submerged treatments. Rumex 
plants survived but only 35% flowered. In this species a r®ductton, 
tion was also found, but the decrease was smaller than in enop
Effects of flooding on the reproductive parameters of submergence for
Experiments were earned out in the greenhouse. Plants were
0,2 and 6 weeks in an earlier (A) and later (B) stage of the life cycle
weeks of flooding 
seed production A: 
(g/plant) B:
Chenopodium rubrum
0
5.2
5.2
2
1.4
3.9
6
1.1
3.1
Rumex maritimus
0
18.0
18.0
2
15.4
19.7
6
29.8
23.2
86 C. W. P. M. Blom
„ . , Jn TABLE 4
p ots. Dry, drained conditions. Wet: submerged conditions 
three times a year for ten days each
Chenopodium rubrum 
diy wet Rumex maritimus dry wet
% survival 
% flowering 
number of 
seeds/plant
100
100
44.000
65
100
990
100
100
13.000
100
35
950
house rewaf the af^-S°Wn the exPerimental P^ts and in the green-
strategy il maintenMce aoh ^  ^ 611* * * * * *  in *™> SP « ^
the plants were able to fiowedn snite nf ? ^ egete,tive ^  » " " " i f
few seeds during the short int« , utegy flowering> with production of relatively 
mental approaches used in the^  .S(?etW,een the flooding periods. Both the expen­
s e  most adaptive species Th S highlight the fact that Rumex maritimus is 
these plants in nature (I vL  a resu*ts 316 in accordance with the behavior of 
tion). * er man and H. van de Steeg, personal communica-
IV. Moiphological and Physiological Responses to Hooding
Since the first effects of flood4
changes in the morphology o f ^  3ppear *n so >^ special attention was given to 
decrease in the gas exchan^ w  Systems‘A effect of flooding is a major 
1979; Kozlowski, 1984) Anv 6 WCen ^  atmosphere and the soil (Armstrong, 
as a result of the respiration of remaininS in the soil is very soon exhausted 
therefore, function in almost *„ ƒ  °°! a"d Soil “ Banians. Waterlogged roots must, 
We studied root arch* 10 S0ÜS-
(Blom, 1979), with the n o n -d ^  morpholoSy by means of the pin-board method 
system (Van den Tweel and Schalk ^osfi f iethod of the so-called perforated soil 
oesenek & Blom, 1987) Th« ' . an(^  a s^o with the line-intersect method 
growth under both experimental ena^^ ed us t0 describe root turnover and
X°HSeS,Ín r<K>t moiPhologies uoon a i  conditions- We found at least three re- 
development of new adventitíou ng: (a) 9X1 increase in root branching; (W 
^ h  more roots concentré? ^ (C) ^  aItered vertical distribution of 
»Voesenek et al., 1989) fo Ts»hi «f* ^  Upper layers of the soil L^aan et
e the root lengths, total numbers, and dis-
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Root length* total numbers, and distribution of laterals («=8; ±SE) after prolonged flooding in 
Rumex plants from habitats seldom to frequently flooded in river areas (data after Laan et al.,
1989b)
TABLE 5
length(m) numbers
Distribution of new roots 
over the tap-root (% of 
total from base to apex)
R. thyrsiflorus 
R. crispus 
R. maritimus
3.5±0.6
15.9±2.0
24.1±2.6
29
47
115
31-37-32
27-36-37
59-22-19
tribution of new laterals of three Rumex s p e c i e s  from ^fferent^abi 
weeks of flooding are given. These data prove that tolerant plants
roots which grow superficially. Ap.renchvma formation
C h e r t s  .0 fielding ^  *  “ *
and a high porosity due to expansion of the , is jn the root cortex
obvious adYptoe responses. The formaHon of ^  shoot to
enhances the diffusion of atmospheric I F  « *  maintained (Armstrong,
the roots so that aerobic respiration and S10*™ , (aL 1990). In an
1979; Justin and Armstrong, 1987; Laan «  al.. „ « „ b io
experiment in which three Rumex species were gro neW fonned laterals
conditions, clearcut differences in gas space deve °P®f aerenchyma under
were found. Rumex thyrsiflorus was apparent y una was examined 0.5 cm
anaerobic conditions. When the cortex of the primary intercellular spaces
behind the root apex, the cross-sectional area under anaerobic 
was approximately 7%. In the newly formed roots that
conditions we found a small increase to 1 1 %. hvma under aerobic condi-
Rumex crispus had only a small amount o aerenc stagnant conditions, 
•ions, but a four-fold increase to 28% was observed m to  ■ formedroots;
Aerenchyma in R. maritimus was formed in bo ^  ^  the primary
this was reflected in  a high cross-sectional area o roots(for more details
laterals (14%), which increased to around 36% in t e itecture an(j anatomy 
see Laan et al., 1989b). Experiments investigating r ^  tQ ^  increase in 
clearly showed that aerenchyma formation is c ose y ^  rQOt systems in flood- 
root length upon flooding. Increased porosities o reco transport from the
ing-resistant Rumex plants result in improved internal o
leaves to the root environment. differences in internal aeration
Differential flood-tolerances may be cause y t respjration. Flood-intolerant 
and the use of aerial and photosynthetic oxygen m t piants from lower
Rumex plants did  not show any internal aeration.
88 C.W. P.M. Blom
habitats possess internal aeration and oxygen loss around the roots (Laan etal 
1989a). Forty to fifty percent of the total root respiration in R. crispus and R. mar- 
iftmus can be ascribed to the diffusion of aerial oxygen through the aerenchymatous 
ssues of the plants (for further details see Laan et al., 1990). We may conclude, 
ore, at e size of the root system, the distribution of the laterals over the 
tap-root, and the degree of internal aeration due to differences in porosity at least 
pardy explain the differential responses towards flooding in Rumex species.
nhvsinW** <?UeStl°n *S W^ at we *cnow ab°ut the phenotypic changes and related 
submertrpn processes t^at occur in the shoots of plants facing waterlogging or 
processes ar* i Xpen“ ental results strongly indicate that complicated physiological 
snecies nnrlp T h  V c  ° ^ os'te effects were found in the upper parts of the Rumex 
lengths anH r>S examP^ e>we measured shoot dry weights, leaf areas, leaf
b ioS S  T r  T ?  1 leaV6S after 40 days 0f ' (Table 6). The shoot 
shoot weishts f p Sa •ecreased a^ ter waterlogging, but a significant increase in the 
were S v  dn f  T m  ^  found. IHese changes in biomass
the field as well a«*) ° m ^  areas> Another response that was observed in 
their petioles until th f e® ses was 431 submerged plants were able to elongate 
to be a mechanism h ^ i,-**!? reac l^e^ the water surface. This phenomenon appears 
temporary floods. K “ “P ^ o u s  and some terrestrial plants can survive
Plan"t<riin a R'
river. During the studv nerin ƒ  Z°"e m a hlgher ^  region along the
flooding period of four Ha • w® «»»Pared petiole lengths before and after a
the flooding period the netfol ^  W L°h °nly the lower zone was submerged: after 
the start of the exnerimpnt i ° f s kaves of R. acetosa were shorter than at
R. palustris were s ig n ifie d }  the petioles of both R' crispuS aDd
100% and 120% respectively T h^T  ^  the flooding Period ”  approximately
proximately 20% and w  f elongation of the non-flooded plants was ap- U* and 5%, respecvdy (tor ^  ^  ^  ^  ^
biomass
(g) leaf area (cm2)
leaves
(number)
acetosa 
R- crispus 
R* palustris
6.2±0.5
3.3±0.3
5.1±0.3
4.7±0.5 HOOtfc 76 
6.8±1.3 851± 72 
°-5±l.l 940+ 84
569± 54 
1116± 178 
1376± 313
55± 3 43± 5 
19± 2 22±4 
37± 2 31± 1
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1989b). In the greenhouse we subjected plants of R- a c e to sa , R. crispus, a™^‘
patarfj to various depths of submergence and consequently suited “ {“ J
Mr leaves to emerge above the water level. BothR. cnspus “ d
able to elongate their petioles under submerged condtuons.
only species capable of overcoming deep inundattons within * !* * £
J d  bridge heights of 40 cm and restore contact between the leaf ups and the
atmosphere (see Voesenek and Blom, 1989a,b). __priallv
Our results also show that growth responses upon submergence were esp^ y
prevalent in the younger petioles of both R. crispus ex_
the literature (Osborne, 1984; Jackson 1985; Ridge, 19 ) an r ^  ^
periments indicates that the enhanced elongation of submerg s ^
tributed to an accumulation of ethylene and/or to its increas in em of
the shoot tissue. Petiole growth can be manipulated by the extern pp
ethylene. In an experiment in which the effects of both su mergence . . ^
application were studied in the three above-mentioned Rumex speci > of 0.5
similar results with both treatments. Relative to control plants e app crisvus
Pa ethylene caused an increase in petiole length of approximate y ® -n_
and approximately 220% in R. palustris, under submergedcondito
creases were approximately 70% and 240% for R. crispus and R. ¿
tively. Under both conditions no elongation of young petto es was¡o ^  ^
acetosa. Measurements of the endogenous ethylene level (Ta e ) «jants
three species the ethylene concentrations in submerged plants exce® variation in
grown under drained conditions. These results clearly prove tovaria-
growth responses in petioles of the three Rumex species may e a
tion in sensitivity to enhanced ethylene in the plant tissue ( or mo
Voesenek and Blom, 1989b). „ , _ACririnses to
Experiments investigating the hormonal regulations o a ap i ose 0f
flooding were superimposed on the experiments describe ere. ethylene
one series of experiments was to determine continuously t e co K we
production in a plant under waterlogged conditions. For ^ e m e a ^  ^  photQ. 
used a photoacoustic C02-wave guide laser (see Harren,
Minimum and maximum values of ethylene (concentrations 2-16 h
the tissue of drained and submerged Rumex plants. Duration o
drained submerged
0.019 - 0.122
R- acetosa 0.015 - 0.028 0.032 - 0.103
& crispus 0.012 - 0.034 0.030 - 0.088
R> palustris 0.014 - 0.026
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v. Variation Between and Within Populations of Plantago
shown by pl^tsfromrKff^ ^  reported on the adaptive responses to flooding 
R a t i o n ° f 0ne °f tW0 *enera- levels of inves- 
ferent populations of one sneei ^  °h Variation m characteristics of plants from dif- 
ing to one single population One the C acf ristics of individual plants belong- 
the relationship between <w  auns of studies at these levels is to unravel
characteristics of plants. An imn™ Vanation and variation in the life-histoiy 
observed in plants is bawd n ?nt _question is just how much of the variation
plasticity -- although differencesbthp differentiation ^  how much on phenotypic 
ically determined. means or degrees of plasticity are also genet-
ent populations of Plantar S i tS SUCh,aS grOWth 311(1 reproduction in differ- 
well as in different Darts nf « °m. ^ ° tz> 1985; Lotz and Blom, 1986) as 
1989). Plantago major is a self ™ P0^ ^ 00 occurring in a restricted area (Lotz. 
tion rate, which suggests a low mpa. wind Pollinator with a high self-fertiliza- 
sults from physiological exDeri Se”etlC variation within populations. Based on re- 
characteristic s between and WC e.xPected that differences in life-histoiy
mental factors rather than hv o» Populations would be determined by environ- 
To test this hypothesis differentiation.
Two populations, differing in ?e?^ orrned a reciprocal transplantation experiment, 
was located on an open flood \  ^  &nd plant characteristics, were selected: one 
Netherlands; the other, in an °,n_the ^ ine river in the central part of the 
riverside site undergoes irregular f w ?  plain alonS the North Sea coast. The 
Oon there occurs adjacent to nrm ?°^ng 311 year around, and the Plantago popula- 
%  Periods this area is grazed tn”, f  °f ^ ' nua^ in m  and C. rubrum. During 
hanked flood plain is a former degree by cattle- The site in the em-
* m 1965- The short vegetating i Separated from tidal influences by a dike 
t,mainly c°nsists of relatively shn!?^-8™2^  by rabbits, has an open structure 
hi * C nst Sowing season the survi '  sIow‘’Sr°w ingperennials. At the end 
ghest on the open flood plain Thl °f plants from both populations was
l98r r . ln their 0wn habitat than Iant-S showed a significantly higher rate 
Dlants Unng the study season no flrwi SItes (for details see Lotz and Bio® 
flood ? - e SU^ ected t0 flooding and s k OCCUrred» but during the following win«*
P nearly all of the plants l  died (Table 8). In the embanked
ere alive during the season after the year of
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Survival, growth, and reproduction of Plantago major ssp. pleiosperma in an open (1) and
embanked (2) flood plain
TABLE 8
population site survival%
biomass
shoot(g) seed(mg)
1
open
2
embanked
1
2
1
2
75~>0*
40~>30
70-->0
50~>45
17.8
0.5
17.0
1,5
1.5
0
1.0
0.1
* Survival after the first ana secuuu
transplantation. Plants of both populations produc^seed ' populations
Shoot biomass and seed production *  Z jo r  ssp. ¡uiospema
were significantly higher in the nver habitat (Ja ^  ^  of both species pro- 
we found the same survival strategy as in . > transplantation
duced as many seeds as possible within a re ative ® majniy due to pheno-
experiments prove that this adaptive response o ^  giom, 1986)
typic plasticity. In an accompanying .^e®n^ ! j ^ ering ^ d  in other reproductive 
genetic differences in the time of initiation o addition, plants from the
«hmcKrista beween t o  populate* found, to ^ o o n , p
river bank flowered earlier than those from the ot er P flood plain (see Blom, 
Different microhabitats were present within e ^ ^  can be divided
1987; Lotz, 1989). The study site has a total area o . b rain water, and
into a wetter part, where the soil is nearly permanen our.vear period revealed 
a dryer part. Demographic research conducte ove ^  from ^  wet part of 
large differences between the sites: P. major ssp. p , wer biomass and seed 
the area showed significantly higher mortaity arV g_. Y/ithin the small-scale 
production than its cohorts from the dryer site ( om, _  _g^ distinguished three 
mosaic environment of the dryer part of the area, ® „¡mated onty a few meters 
subpopulations that occur in clearly identifiable a i . 0f maCro-nutrients
apart from each other. There are differences in t e av pieiosperma
between the three subsites. Among subsites plants of P- major
differ in their life-history traits. , ™ain1v due to phenotypic plasticity.
The variation in plant characteristics was y . Q ,at}ons bas also been 
Nevertheless, genetic differentiation between t e su Results of these
found, particularly in leaf biomass and growth orm effgCts of varying levels of 
field experiments as well as of greenhouse tests on enetjc differences do ex­
nutrients on growth and reproduction clearly prov sperma. Different degrees 
ist between and within populations of P- major ssp. P , ^  transplants and in re- 
°f plasticity in life-history characteristics, e.g .in s
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g e S ^ d Z o i ° Un<!‘ƒ 117 f ments proved * «  N a tio n s in vegetative and 
population Pff t depended mainly on the environmental factors; only smal
S t s e ^  as S  riWCTe ThiS StUdy demonstra*  *at phenotypic plasticity
sSnTe to f t e ^ ° n f * *  genmtive « ^ e r is t ic s  is an important*-sponse to the selective forces of irregular floodings.
VI. Conclusions
areas to flooding** ^  phases in the adaptive response of weeds from river
soil or submergence ¡ ^ ^ i T 68*08’ thcreby causinS waterlogging of the 
sues. The hieher amn f ^  ’ P ts accumulate ethylene in their tis-
of the plant and nmhaKi e from the tissues to the submerged environment 
waterlogging!^  * *  ** hiSher P ^ucdon of this hormone upon
intolerantones^^eMh^ 01 ƒ fi r?ntly t0 higher amounts of ethylene than
elongation in flood-toleram nla^ n ”6 concentration causes petiole and stem 
above the s u b b e d  2 ^ '  ° ef  °n the height of the water leve‘
increased growth of the shoots 1 *°" duration of the flooding period, the 
open air. ^ restore contact between the leaves and the
roots. Upon floodTnT th deV?l0p aerenchymatous tissue in the shoots and
succumbs; new porous lateral «maiy r°0t system ceases to grow or even
the root-shoot junction merge. Conglomerates of new roots develop at
(4) Increased porosity in the h
improved internal oxvsen tL°°*S a”5  ^  newty formed root system result in 
this way, tolerant plants mav SP°rt rom ^e  leaves to the root environment. In 
the radial oxygen losses aron ”?e,aena* oxy§en for root respiration. Moreover, 
in the soil and reactivate oxve T  ”*** Pmly reestablish aerobic conditions 
increased availability of nutrieT ;Cpendent soil microorganisms. This results in
(5) p”°reaSed growt*1 and reproduction01 ^  tolerant Plants and therefore possibly in
environmental stress factors *n same habitat and exposed to severe 
sure survival. Some specie* ^y possess different life-history strategies to en- 
mainly in their vegetative nha<f ^  3S ^^ enn a^ s^ or perennials and survive 
(f, 5 eds ^  veiy shon interval«! hit S 816 abIe t0 germinate and produce
«9 amj * < « * «  flood,
Some individuals succumb tn ™ tlons exist among the individual plants, 
responses in physiological anh °° ot^er Plants demonstrate plastic
"d rnorPbological characteristics. Our results
6 Responses to Flooding 93
indicate that most adaptive responses to flooding are environmentally induced; 
only a few adaptive characteristics ate genetically determined.
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